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Description 
HEAT SINK 

Cross Reference to Related Applications 

[0001] This application claims priority to US provisional patent 

application no. 60/481,213, filed August 12, 2003. 
Background of Invention 

[0002] The invention relates to the field of cooling electronic de- 
vices and, in particular, to heat sinks. 

[0003] Heat sinks, also termed radiators or chillers, are used to 
conduct heat away from the electrical components and 
into a passing fluid such as air. A heat sink generally may 
include a thermal plate and a number of fins protruding 
from the thermal plate. The thermal plate is installed in 
contact with a heat source such as directly on an electrical 
component or in contact with a heat exchange liquid, of- 
ten called a coolant. Where liquid coolant is used, for ex- 
ample, the liquid is pumped through a block on the heat 
source where it becomes heated and then the heated liq- 
uid is pumped to a heat sink located at some distance 


from the block. Once the heated liquid arrives at the heat 
sink, heat is conducted into the thermal plate and out into 
the fins wherein the heat is passed into a fluid such as an 
airflow passing through the fins. The airflow may be am- 
bient or driven by a fan. 
[0004] General information concerning heat sinks, is contained in 
applicant's corresponding published application WO 
03/007372, dated January 23, 2003 and is incorporated 

herein by reference. 
Summary of Invention 

[0005] In one aspect the invention provides a heat sink. The heat 
sink includes a first thermal plate, a second thermal plate 
and a plurality of fins integral with and extending between 
both the first thermal plate and the second thermal plate. 

[0006] The first thermal plate and the second thermal plate are 
configured to receive heat from one or more electronic 
devices for example by thermal coupling directly or indi- 
rectly therewith. The heat sink can extract heat from an 
electronic device, such as a microprocessor, either directly 
or indirectly for example, via a liquid coolant. 

[0007] The thermal plates can be positioned at external sides of 
the heat sink. In one embodiment, the thermal plates are 
positioned at opposite ends of the heat sink with the fins 


extending therebetween so that heat-conducting compo- 
nents can be applied directly to the thermal plates without 
blocking airflow through the central finned areas. An 
outer insulative coating can be applied to the outer sur- 
faces of the heat sink to prevent heat from radiating out- 
wardly from the heat sink except through the fins. 
Brief Description of Drawings 

[0008] To facilitate understanding reference may be made to the 
following drawings of various embodiments. 

[0009] Figure 1 is a front elevation of a heat sink according to the 
present invention. 

[0010] Figure 2 is a section through l-l of Figure 1. 

[001 1] Figure 3 is a front elevation of an assembled heat sink in- 
cluding heat exchanger blocks installed thereon. 

[0012] Figure 4 is a side elevation of the assembly of Figure 3 in- 
stalled in a housing. 

[0013] Figure 5 is a perspective view of another heat sink accord- 
ing to the present invention with heat sources mounted 
thereon. 

[0014] Figure 6 is a front elevation of a heat sink of Figure 5 with 
another arrangement of heat source devices mounted 
thereon. 


[0015] Figure 7 is a sectional view along line ll-li of Figure 6 in an 

assembly with other components. 
Detailed Description 

[0016] Referring to Figures 1 and 2, a heat sink 10 is shown in- 
cluding a first thermal plate 12, a second thermal plate 14 
and a plurality of fins 16 extending between plates 12, 14 
and in heat conducting communication therewith. The fins 
and thermal plates are formed of heat conducting material 
such that heat energy applied to the surfaces of the ther- 
mal plates can spread through the thermal plates and be 
conducted through the fins. Heat energy may then be dis- 
sipated from the fins into air passing between the fins. 
The fins are spaced apart such that air can pass through 
the spaces 18 therebetween, for example along arrows A. 
Of course, the dimensions of the heat sink and its compo- 
nents may vary significantly depending on size require- 
ments, materials, fluid viscosity of the air flow, etc.. How- 
ever, as an example of one possible embodiment, the fins 
may be 0.5 to 1.5mm wide and spaced a distance of 1.0 
to 2.5mm. 

[0017] The heat sink can be formed in any desired way that 

meets the requirements of heat conduction and includes 
forming the fins as part of the thermal plates. This pro- 


vides that the fins become integral with the thermal plates 
and extend continuously therebetween. A first end of each 
fin forms a part of first thermal plate 12 and a second end 
of each fin forms a part of the second thermal plate. In 
one embodiment, an end of each fin forms a portion of 
the external surface of each thermal plate. For example in 
one method, the fins may be formed as plates and may be 
mounted in alternating fashion with end spacers 20. The 
plates and spacers may then be held together and secured 
in place, as by brazing. To facilitate assembly in such a 
method, the fin plates and spacers can each include 
spaced apertures (item 21 in Figure 4) through which the 
plates and spacers can be alternately positioned over an 
assembly spike before brazing. The fin plates and spacers 
are each formed of heat conducting material such as an- 
odized aluminum, aluminum, copper, alloys, etc. 
[0018] The arrangement of continuous fins between the thermal 
plates permits a single heat sink to be operated with heat 
input from two ends of the fins. This permits the fins to 
more efficiently handle heat input, as the entire length of 
each fin may be used for heat dissipation and no connec- 
tions or breaks occur along the fins that may jeopardize 
even thermal dissipation and operation. This permits a 


better use of fin surface area and a more stable tempera- 
ture over the entire surface of a fin enhancing material 
and, thereby, heat sink performance. 

[0019] Fins 16 may be formed substantially planar and posi- 
tioned in parallel to enhance laminar flow therethrough. 
The planes of the fins may extend substantially perpen- 
dicularly to the thermal plates. 

[0020] The heat sink can include a housing, but as in the illus- 
trated embodiment, a housing like containment may be 
achieved from the outermost, side fins and the thermal 
plates. The heat sink can include a coating 22 of thermal 
insulation over at least some of its outer surfaces. Spaces 
23 may be left open on the outer surface of thermal plates 
12, 14 so that they can accept a thermal coupling to a 
heat source. The thermal insulation, such as a non-heat 
conductive aluminum, chrome or polymer, prevents heat 
release apart from the fins of the heat sink, which heat 
may be radiated back into the computer housing. 

[0021] Figures 3 and 4 illustrate a chiller 810 for an electronic 

device such as a personal computer (PC). The chiller is as- 
sembled and includes a heat sink 10 and chiller heat ex- 
changers 814a, 814b. Some possible forms of heat ex- 
changers are described in WO03/007372. The chiller may 


operate to pass heat from the heat sink to air passing 
thereby. As such, the chiller can operate in cooperation 
with a fan 914 or can be oriented to operate in a chimney 
fashion, without the use of a fan, wherein air moves 
through the heat sink by convection. Chiller 810 includes 
a fan in the illustrated embodiment. 
[0022] Chiller 810 includes a heat sink with a pair of thermal 
plates 12, 14 and a plurality of fins 16 extending be- 
tween, thermally coupled and formed integral to each of 
the thermal plates. Chiller 810 may be mountable in 
alignment with an opening 912 in a wall 910 of the case 
of a PC. When assembled for use, the assembly may in- 
clude, for example, a fan 914, a duct 915, a chiller heat 
exchanger 814a for the first thermal plate and a chiller 
heat exchanger 814b for the second thermal plate and 
two conventional thermoelectric heat pumps 820, 822 
(also called thermoelectric coolers or TEC's), which are 
connected to a power supply, for example of the PC, via 
lines 917. 

[0023] When installed in the case of the PC, heat exchangers 
814a, 814b become heat sources for the heat sink. The 
chiller heat exchangers 814a, 814b may, for example, be 
blocks through which a heated fluid may be circulated. In 


the illustrated assembly, each chiller heat exchanger 
814a, 814b is positioned on the cold side of its associated 
thermoelectric heat pump 820 or 822 so that a large pro- 
portion of the surface area of the chiller heat exchanger 
may be thermally coupled to the cold side of its thermo- 
electric heat pump. The thermoelectric heat pumps 820, 
822 are each sandwiched between their chiller heat ex- 
changer and their thermal plate 12, 14, respectively, so 
that the hot sides of the thermoelectric heat pumps 820, 
822 are thermally coupled to the thermal plates. 

[0024] Duct provides a buffer zone between the fan 914 and 
the chiller 810. The purpose of the buffer zone is to allow 
airflow from the circular outlet of the fan 914 to reach the 
corners of the chiller, which has a square cross-section, 
and to avoid or reduce interference drag. 

[0025] optionally, a plurality of parallel spaced apart fins (not 

shown) may be joined to a portion of the side of the ther- 
mal plates that are thermally coupled to the hot side of 
the thermoelectric heat pumps. This, however, may re- 
quire forming a housing about the optional fins to contain 
and direct airflow therethrough. 

[0026] In operation, chiller 810 chills fluid that has picked up 

heat from a component, such as a microprocessor, within 


the computer and is pumped through the chiller heat ex- 
changers 814a, 814b. The cold sides of the two thermo- 
electric heat pumps 820, 822 absorb heat from the chiller 
heat exchangers and pump it to their respective hot sides. 
The thermal plates 12, 14 in turn receive the heat energy 
from the thermoelectric pumps and transfer that heat to 
the fins 16. Air, forced between the fins by the fan 914 
picks up heat from the fins and carries that heat out of 
the case of the PC. The fan can be positioned to drive or 
pull air through the fins. In the illustrated embodiment, 
the fan is positioned to drive air through the fins and out 
the opening, as shown by arrow Al. 
[0027] Referring to Figures 5 to 7 another heat sink 10a is 

shown. Heat sink 10a includes a first thermal plate 12a, a 
second thermal plate 14a and a middle thermal plate 15a. 
A plurality of fins 16 extend between plates 12a, 14a and 
15a. The fins and the thermal plates are formed of heat 
conducting material such that heat energy applied to the 
surfaces of the thermal plates can spread through the 
thermal plates and be conducted through the fins. Heat 
energy may then be dissipated from the fins into air pass- 
ing between the fins. The fins are spaced apart such that 
air can pass through the spaces 18 therebetween, for ex- 


ample along arrows A2. At least some of the plurality of 
fins are formed integral with, and are in heat conducting 
communication with, each of the plates 12a and 15a and 
at least some of the plurality of fins are formed integral 
with, and are in heat conducting communication with, 
each of the plates 14a and 15a. In one embodiment, at 
least some and possibly all of the fins 16 are formed inte- 
gral with all of the thermal plates 12a, 14a and 15a, for 
example extending from plate 12a through plate 15a to 
plate 14a. 

[0028] Each thermal plate includes an external surface onto 

which one or more heat source devices 17 may be ther- 
mally coupled. Heat source devices may include, for ex- 
ample, one or more TEC's, fluid heat exchangers, etc. 
Provision of one or more middle thermal plate, such as 
thermal plate 15a, provides that thermal energy may be 
applied to the fins along their length, again making effi- 
cient use of the fin surface area. 

[0029] Since the heat sink tends to form its own housing defined 
by the side fins and the thermal plates, the heat sink can 
be formed as desired to direct the flow of air. The heat 
sink air passages 18 may be formed in various ways. In 
the illustrated embodiment, for example, air passages 


converge from airflow intake end 19a to output end 19b 
of the lieat sinl< such that airflow directed though a 
smaller output opening. It may be desirable, however, to 
form the air passages to facilitate the establishment of 
laminar flow therethrough. For example, to urge laminar 
flow through the air passages, fins 16 may be selected to 
be substantially planar along their interfacing side sur- 
faces and positioned substantially parallel with each other 
and the heat plate surfaces 12b, 14b and 15b that are 
open to air passages 18 also may be formed to be sub- 
stantially planar and substantially parallel with each other 
to permit a laminar airflow therebetween. 
[0030] Although various methods may be used to construct heat 
sink 10a, it may be useful to provide a plurality of fins 
that extend from the planned outer surface of thermal 
plate 12a to the planned outer surface of thermal plate 
14a, to hold those plurality of fins in spaced apart condi- 
tion and to fill in the spaces between the fins to form the 
thermal plates 12a, 14a, and 15a. This can be done, for 
example, by molding material about the fins or by the 
method described hereinabove wherein spacers are posi- 
tioned between the fins and the assembly is fused, as by 
brazing to form the outer surfaces of the thermal plates. 


[0031] jhe heat sink can be incorporated into an assembly for 

use tliat may, for example, include heat source devices 17 
thermally coupled at the thermal plates, a fan 28, a duct 
30, as shown, and/or other components. 

[0032] Other embodiments will be apparent to those skilled in 
the art and, therefore, the invention is defined in the 
claims. 


